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Purpose: Venacavograms are routinely obtained before vena cava filter placement to 
evaluate cava size, patency, and the presence of thrombus or venous anomalies. The 
objective of this study was to determine the ability of duplex ultrasonography to
adequately evaluate the inferior vena cava (IVC) for size, patency, and the presence of 
thrombus before Greenfield filter (GF) insertion. 
Methods: Duplex ultrasonographic s ans were performed in 40 patients who had docu- 
mented lower-extremity deep venous thrombosis diagnosed by duplex scan before GF 
placement. The infrarenal transverse and anteroposterior diameters of the IVC were 
measured, and the entire IVC was imaged for patency and the presence of thrombus or 
anomalies. Preoperative venacavograms were not obtained in any patients who had GFs 
placed in the operating room, but was performed uring surgery during filter insertion. An 
additional 26 patients who had deep venous thrombosis and did not have caval 
interruption underwent IVC duplex to determine the patency and proximal extent of 
venous thrombosis. 
Results: The indications for GF placement were contraindication to anticoagulation i  
72.5% (29 patients); five filters were placed prophylactically; three for failure of 
anticoagulation; two after a complication of anticoagulation; and one before pulmonary 
embolectomy. The filters were placed in the operating room by surgeons in 82.5% of 
patients, with the remainder inserted in an angiography suite by an interventional 
radiologist. The ability of duplex to measure a transverse diameter of 26 mm or less had 
a sensitivity of 97.5%, positive predictive value of 100%, and overall accuracy of 97.5% 
using venacavography as the standard. Measurements of IVC diameter by duplex 
correlated with those based on venacavograms (r = 0.766; p < 0.001). Of  the entire group 
of 66 IVC duplex examinations, one (1.5%) was incomplete because of technical 
limitations. IVC thrombus was noted by duplex in two patients who tmderwent GF 
insertion, which was confirmed with venacavography. No IVC anomalies were noted by 
duplex scans or venacavograms. 
Conclusion: Duplex ultrasonography is auseful and accurate method for assessment of the 
IVC before vena cava filter placement. (J Vase Surg 1996;24:608-13.) 
The combination of  B-mode and Doppler ultra- 
sound (duplex scanning) has been used in a variety of 
applications to image vascular structures and to pro- 
vide anatomic and hemodynamic nformation. Du- 
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plex scanning is suitable for the interrogation of most 
extracranial nd extrathoracic venous tructures. The 
presence and echogenicity of thrombus, vessel pa- 
tency, flow characteristics, and anatomic detail of 
venous structures can be determined. External 
venous compression or tumor extension from adja- 
cent venous structures can be assessed. The response 
of veins to extrinsic ompression produced intention- 
ally by the transducer can assist with the evaluation of 
extremity venous thrombosis. The use of duplex 
scanning to define these characteristics has provided 
sufficient information to accurately diagnose the pres- 
ence of extremity deep venous thrombosis. TM
The availability of lower-frequency transducers 
now permits assessment of abdominal venous struc- 
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tures. Duplex ultrasonographic scans have been used 
to determine the patency of the splanchnic veins, renal 
veins, and inferior vena cava (IVC). s-7 Greenfield et al. 
and others have performed uplex scans after caval 
filter placement to determine patency, wall penetra- 
tion, or filter migration. 8-1° 
Inferior venacavograms have traditionally been 
obtained to determine the size of the WC, its patency, 
and the presence of thrombus before caval filter 
placement. In addition, venacavograms can deter- 
mine the location of the renal veins and demonstrate 
venous anomalies. The purpose of this study was to 
determine whether this essential information could 
reliably be obtained by duplex ultrasound examina- 
tion before filter placement. 
METHODS 
From December 1993 to April 1995, 66 patients 
who had lowcr-extrcmity deep vcnous thrombosis 
documented by duplcx scan underwent duplex ex- 
amination of thc IVC. Thcsc paticnts wcrc referred 
for evaluation bcforc placement ofa caval filter or had 
suspcctcd proximal cxtcnsion of iliofcmoral throm- 
bosis. Of these patients, 40 also underwent caval filter 
insertion. Duplex evaluation (Ultramark 9 or HDI 
3000, Advanced Technology Laboratorics, Bothell, 
Wash.) was performed with a 3.0 MHz curved linear 
array transduccr to detcrminc whcther the IVC was 
suitable for filtcr placement and whethcr caval anoma- 
lies or thrombus wcrc prcscnt. When possiblc, pa- 
tients fasted for 8 hours before the study. Examina- 
tions werc performed in thc vascular surgery labora- 
tory or at thc patient's bcdsidc whcn necessary. Thc 
paticnts were placcd in a supine position with thc hcad 
elevated 10 degrecs. The cxamination was bcgun just 
distal to the xiphoid process. After identification of 
the aorta, the IVC was visualized and longitudinal 
imagcs were obtained from the retrohcpatic IVC to 
the external iliac vcins. Asscssmcnt for a left-sided IVC 
or duplication was performcd. Beginning at the 
suprarenal level, thc IVC was scanned for the prcscnce 
of thrombus and Doppler flow samples were ob- 
tained. Continuing distally, the IVC was visualized 
both in longitudinal nd transverse planes, and Dopp- 
ler signals were obtained to the level of the common 
iliac veins. The transverse and anteroposterior diam- 
eters of the infrarenal vena cava were measured during 
normal inspiration and expiration. If the results of 
infrarenal imaging were suboptimal because of bowel 
gas, suprarenal IVC measurements were obtained. If
longitudinal images were suboptimal in the midsag- 
ittal plane, the patient was turned to a left lateral 
decubitus position. The location of the renal veins was 
defined. Whenever a thrombus was identified, the 
most proximal extension was visualized. IVC patency 
was established by Doppler wave flow analysis. This 
technique is similar to that previously described by 
Sandagar et al. 7 
In the 40 patients who underwent caval interrup- 
tion, titanium Greenfield filters (GF) were placed in 
the operating room by surgeons using either a percu- 
taneous or cutdown technique or in the radiology 
department by an interventional radiologist. In sur- 
gical cases, a venacavogram was obtained in the 
operating room before filter placement with a por- 
table digital subtraction fluoroscopy unit (OEC- 
Diasonics, Model 9400A, Salt Lake City). When 
performing an intraoperative nacavographic scan at 
the time of filter insertion, asingle bolus injection of 
30 ml of 60% Omnipaque solution (Iohexol, Ny- 
comed, Inc., New York) was administered under 
digital subtraction fluoroscopy, with the tip of the 
filter introducer sheath at the bifurcation of the IVC. 
All caval duplex examinations and venacavograms 
were reviewed by an investigator who was unaware of 
the results of the corresponding study. The infrarenal 
transverse diameter of the IVC was measured on the 
venacavogram with an external reference marker and 
appropriate magnification correction. In addition, the 
duplex examinations of patients who did not undergo 
GF placement were also reviewed for the ability to 
determine caval size, patency, and presence of venous 
anomalies. Statistical analysis was performed with 
Statistix version 4.0. Results are expressed as 
mean _+ 1 standard eviation or range. 
RESULTS 
A total of 66 IVC duplex examinations were 
performed in66 patients. One duplex examination f
the IVC was technically limited (1.5 %). In this patient, 
the anteroposterior and transverse diameters were 
determined, but the IVC patency and presence of 
thrombus or anomalies could not be determined 
because of overlying bowel gas. Forty-two men and 
24 women underwent IVC duplex. The mean age was 
62.0 _+ 13.7 years (range, 35 to 89 years). The mean 
weight was 177.8 +_ 40.5 pounds (range, 115 to 250 
pounds), and the mean height was 67.3 _ 3.8 inches 
(range, 60 to 75 inches). Eighty percent of the 
patients had significant associated comorbidities, in- 
cluding stroke in 27.5% of patients, malignancy in 
30%, multiorgan failure in 15%, head injury in 5%, and 
brain abscess in 2.5%. 
For the 40 patients who underwent caval filter 
insertion, contraindication to anticoagulation was the 
most common indication (Table I). GF placement 
JOURNAL OF VASCULAR SURGERY 
610 Friedland et al. October 1996 
Table I. Indications for caval filter placement 
in 40 patients who underwent insertion of a 
Greenfield filter 
Indication Frequency (%) 
Contraindication t  anticoagulation 
Complication fanticoagulation 
Failure of anticoagulation 
Prior to embolectomy 
Prophylactic 
72.5 
5.0 
7.5 
2.5 
12.5 
was performed in the operating room in 33 of the 40 
cases (82.5%). The remaining seven filters were placed 
by interventional radiologists. Percutaneous insertion 
was used in 36 of 40 patients (90%). Surgical exposure 
of the internal jugular vein was performed in four of 
the 33 procedures performed in the operating room. 
A right internal jugular approach was used in 35 of 40 
cases (87.5%). The remaining five filters (12.5%) were 
placed through the right femoral vein. The right 
internal jugular approach was the preferred approach 
by surgeons and was used in 32 of the 33 patients who 
underwent filter insertion in the operating room. 
Interventional radiologists performed four of seven 
filter insertions in the radiology suite through the 
right femoral vein. In radiologic cases in which an 
internal jugular approach was used, right common 
and external lilac vein thrombus had been previously 
noted by the IVC duplex examination. There ap- 
peared to be no serious complications or filter mis- 
placement in this study group. 
Venacavography confirmed IVC patency in all 40 
patients who went on to have caval filter insertion. 
The transverse infrarenal IVC diameter was measured 
at 19.1 _ 3.7 mm by contrast venacavography. The 
anteroposterior diameter of the IVC could not be 
obtained by vcnacavography because lateral vena- 
cavograms were not performed. The presence ofcaval 
thrombus noted on thc preoperative duplex exami- 
nation was confirmed in both cases by venacavogram. 
No additional cases of IVC thrombus were noted by 
venacavography. Thrombus was present extending 
into the infrarenal vena cava in two patients who had 
a GF placed above the thrombus; one required a 
suprarenal filter. One patient who did not have a filter 
inserted was found to have a thrombosed IVC ex- 
tending up to the level of the hepatic veins. No venous 
anomalies were noted by duplex examination. 
All patients in whom GF were placed underwent 
complete IVC duplex examinations and were noted to 
have a patent IVC both by duplex scan and by 
venacavogram. On duplex examination, the infrarenal 
IVC transverse diameter was measured as 19.9 _+ 3.5 
mm, whereas the anteroposterior diameter was mea- 
sured at 17.2 _ 4.1 mm. Measurements of the trans- 
verse infrarenal IVC diameter by IVC duplex scans 
correlated well with those from contrast vena- 
cavograms (r = 0.766; p < 0.001). This association is 
demonstrated in Fig. 1. 
One patient who underwent caval filter insertion 
was noted on duplex examination to have a transverse 
infrarenal IVC diameter greater than 26 mm. The 
transverse diameter in this case was 27 mm; however, 
the anteroposterior diameter on the duplex scan was 
less than 26 ram. On contrast venacavogram the 
transverse diameter was noted to be less than 26 mm 
in this case. A follow-up examination demonstrated 
no evidence of migration. The sensitivity of duplex 
scanning for detection ofvena cava size 26 mm or less 
was 97.5%, with a positive predictive value of 100% 
and overall accuracy of 97.5%. 
DISCUSSION 
Before insertion of a vena cava filter, it has been 
traditionally recommended that a contrast venacavo- 
gram be obtained. The information obtained has been 
thought o play an important role in the preoperative 
planning before caval interruption. Studies have dem- 
onstrated that duplex ultrasonography is an accurate 
method of assessment of the IVC for patcncy and 
presence of thrombosis after caval filter place- 
ment. 7's'1° This data, as well as the size of the IVC, 
were available from duplex examination, and were 
used in the insertion of caval filters. 
As the vena cava increases in size, the lateral force 
exerted by the legs of a GF decreases, potentially 
resulting in the failure of the filter struts to engage the 
IVC wall. Above some critical value of IVC diameter, 
the risk of migration increases. On the basis of work 
done by Greenfield et al.n the lateral force exerted by 
the legs of a filter when they are open to a diameter of 
more than 28 mm may fall below this critical value. 
Because of this limitation, 28 mm has been the 
recommended limit of transverse vena cava diameter 
permitting placement ofa GF into the IVC. To allow 
for a safety margin and take into consideration normal 
respiratory variation, an arbitrary limit of 26-mm 
diameter on duplex examination was believed to be 
appropriate to use as a cutoff point in this study. 
Results would have been as accurate had 28-mm 
transverse caval diameter bccn used. Thc results of this 
study indicate that vena cava duplex was accurate in 
determining the transverse diameter of  the IVC and 
provided values comparable with those provided by 
contrast venacavograms. In the majority of patients 
infrarenal IVC anteroposterior diameter was less than 
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Fig. 1. IVC duplex measurement of transverse diameter correlated highly with measurement 
from contrast venacavography. 
the transverse diameter. The oval shape of the infra- 
renal IVC, which may also bc seen on computerized 
axial tomography and magnetic resonance imaging, 
may explain the unusual orientation of the filter legs in 
some patients. In cases in which the IVC measure- 
ment in a transverse diameter is close to or is at the 
acceptable size limit of 28 mm, and the anteroposte- 
rior diameter isless than this acceptable imit, the legs 
of the filter should exert an acceptable ateral force in 
the'anteroposterior dimension for filter strut engage- 
ment. Vena cava anteroposterior diameter has rarely 
been considered clinically when evaluating candidates 
for GF insertion. The anteroposterior caval diameter 
is known before surgery once the IVC duplex scan is 
performed, but is not typically available from contrast 
venacavography. 
Since the initial studies demonstrated the accuracy 
of duplex ultrasound in the diagnosis of deep venous 
thrombosis of  the legs, improvements in equipment 
and scanning techniques, as well as the use of lower- 
frequency probes, have permitted higher-quality im- 
aging of the iliac veins and IVC. As a result demon- 
stration of the most proximal aspect of the venous 
thrombotic process is now routinely possible even 
when it extends into the IVC. This information is 
important for planning the route of filter insertion, 
the most appropriate location for the filter, and 
whether filter insertion is feasible. As with our early 
experience with duplex scanning for the diagnosis of 
lower-extremity deep venous thrombosis, it is impor- 
tant to correlate IVC duplex findings with venacavog- 
raphy. In our study, the results of venous duplex 
examinations had an impact on the route and location 
of filter insertion in five of the 40 cases (12.5%). This 
finding is consistent with that of previous tudies in 
which venacavography altered filter placement in 11% 
to 15% of patients) 2,13 
Anomalies of the vena cava are uncommon, with a 
prevalence of less than 3%) 4 The most significant 
anomalies, vena cava duplication and left-sided vena 
cava, should be detectable by duplex ultrasonography. 
In this study we did not detect any IVC anomalies by 
duplex scanning or venacavography, so the accuracy 
or sensitivity of duplex scans for detection ofvena cava 
anomalies remains uncertain. Locating the right and 
left renal veins is also possible with duplex scans. Con- 
firming the location of the lowest renal vein by vena- 
cavography during surgery continues to be our prac- 
tice and helps assure accurate cava filter placement. 
Evaluation of patients for deep venous thrombosis 
is performed by duplex ultrasonography in the vascu- 
lar laboratory. Technicians who are familiar with this 
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disease process will frequently identify patients who 
may be candidates for WC filter placement. In pa- 
tients who are found to have acute deep venous 
thrombosis by duplex examination, IVC duplex can 
be performed immediately after lower extremity 
venous duplex examination once the physician who 
referred the patient for the venous study has been 
informed of  the findings. At that point, the presence, 
location, and proximal extent o f  a lower extremity 
deep venous thrombosis have been determined. After 
IVC duplex scans are performed, the size o f  the WC,  
patency, and presence o f thrombus can be defined for 
those patients who may be candidates for WC filter 
placement. Those who are candidates (or filter place- 
ment can proceed to the operating room or angiog- 
raphy suite for filter insertion. Clinicians who fre- 
quently care for patients who have venous throm- 
boembolism would be expected to have the most 
comprehensive understanding o fdeep venous throm- 
bosis and its management. Such clinical expertise 
combined with the information provided by the IVC 
duplex could be used to optimize care by identifying 
which patients are candidates for caval interruption 
as well as the feasibility o f  and approach to filter 
insertion. 
CONCLUSION 
We have found duplex ultrasonography to be a 
satisfactory method for assessment o f  the IVC before 
placement o f  a caval filter. Information needed for 
planning the ideal approach to caval interruption can 
be obtained in the vascular laboratory before sending 
the patient for the filter insertion in the operating 
room. Continuity o f  care by the technicians and 
physicians most familiar with venous thromboem- 
bolic disease is possible with this approach, and 
preoperative venacavography can be avoided. 
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DISCUSSION 
Dr. John J. Bergan (La Jolla, Calif.). This presentation 
by Dr. Friediand, Dr. Kazmers, and the Wayne State group 
demonstrates the feasibility of caval imaging by duplex 
ultrasound, confirms the accuracy of measuring caval di- 
mensions by this technique, and suggests that iliocaval 
thrombosis i accurately detected by the method used. 
The manuscript s ates that only one of 66 duplex caval 
examinations was technically compromised. Considering 
that bowel gas is regularly aproblem in the application of 
abdominal ultrasonography, will you elaborate on the 
preparation of the patient and the positioning that is used to 
obtain such a high rate of success? Certainly, ifcaval imaging 
such as you describe can be achieved in 98.5% of cases, this 
technique may reach a high rate of applicability. 
The second objective of this study, confirming the 
accuracy of measuring caval dimensions, was accomplished, 
and this confirmation is not surprising. We regularly expect 
ultrasonography to give us accurate vascular dimensions 
even though we have learned that misinterpretation may 
lead to underestimation, such as has been encountered in
sizing aortic aneurysms. Whether information about caval 
size is useful is another question. In this study, only one 
patient had a vena cava larger than 26 ram. This fact 
accounts for the very high positive predictive value and the 
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accuracy of the study. Your patients were big people, with an 
average weight of 177 pounds distributed over a mean 
height of only 5 feet 7 inches. They seem to have vena cavas 
that are acceptable for the GF. The bird's nest filter is 
recommended for vena cavas larger than 28 mm in diameter. 
What is the actual incidence of such large cavas, and do they 
occur in people of large frame, excessive weight, both, or 
neither? 
The third objective of the study was to detect caval 
thrombus, and no one would deny that this is an important 
consideration in placing acaval filter. It is reassuring to know 
that caval thrombus and its extent can be assessed by duplex 
scanning. 
Putting your study in perspective allows one to suggest 
that the detection of significant deep venous thrombosis, 
the determination f the need for a cava filter, and assess- 
ment of the vena cava for such filter placement are all within 
the capabilities of the vascular laboratory and the surgical 
service that supervises that laboratory. Because duplex 
ultrasound isportable, have you considered taking that next 
step and placing the filter under duplex control? The 
Vanderbilt group has done this and will report heir first five 
cases to the Southern Association for Vascular Surgery. They 
place the filter at the bedside, in the ICU if necessary, and 
estimate that the procedure takes about 20 minutes. They 
advocate the transfemoral pproach for this procedure. 
When the total picture of deep venous thrombosis 
detection, decision for filter placement, and imaging of the 
cava for such a procedure isconsidered as a whole, this paper 
is clearly a very important contribution, and the program 
committee has been wise to have it on the program for this 
meeting. 
Dr. Mark Friedland. In regard to the high success rate, 
we really have to give credit to the perseverance of our 
laboratory technicians. Our laboratory has become accred- 
ited for abdominal duplex examinations, and the techni- 
cians have a very high interest in abdominal imaging. 
Frequently, repeat examinations or another technician 
performing the examination can be used to improve on the 
initial examination. Others have used simethicone as well to 
try to decrease the amount of bowel gases present on the 
initial imaging studies, but it's really a matter of persever- 
ance. The examination i volves multiple imaging windows 
with the patient supine, or sometimes in the left lateral 
decubitus, Trendelenburg, or reverse Trendelenburg posi- 
tion. Whatever is necessary to get the information that we 
needed is done. Not all of the patients fasted. We didn't look 
to see whether this was a factor in improved imaging. In fact, 
the authors of one of the papers we reviewed idn't believe 
that fasting actually improved imaging for the vena cava as 
much so as it does for visceral examinations. One probably 
shouldn't walk away with the impression that the duplex 
examination provided athree-dimensional p noramic view 
of the vena cava. It is, however, enough to get the 
information eeded, and as you stated, it may be enough to 
position a filter introducer. 
In terms of the incidence of megacava, defined as 
greater than 28 mm, it's about 3% in the series we reviewed 
and in our experience. The average size of the infrarenal 
vena cava is 20 + 3 mm in two different series in the studies 
that we referenced in our manuscript. These cases of 
megacava, which are unusual, are more related to very large 
stature and in patients who have congestive heart failure. 
We have not inserted any filters under duplex imaging. 
We have found that our patients can usually be moved to the 
operating room. Over the past 3 years we have not had a 
patient who we've had to resort to placement of a filter 
under duplex guidance. It does seem feasible. The patient 
would have to have no right iliofemoral thrombosis, as these 
devices probably should not be passed through the jugular 
without fluoroscopic guidance past the heart. Through the 
right femoral approach I would probably be also tempted to 
get a one-shot venacavogram just to verify what I was seeing 
on duplex. You would also probably benefit from using the 
GF, which is a lot more visible on duplex scans than some of 
the other filters. 
Dr. D. Eugene Strandness, Jr. (Seatde, Wash.). Have 
you ever had the experience of seeing a thrombus on the 
wrong end of a filter? Have you seen that in any of your 
studies? 
Dr. Friedland. In this group of patients we did not see 
the situation you described. We have not had follow-up on 
all 40 patients as of yet. I know that his situation occurs, and 
we have seen thrombus around a filter in the past, but not 
in this group of patients. 
